To evaluate the effect of postoperative posture on the retinal shift after retinal detachment repair. Methods: Patients who underwent pars plana vitrectomy (PPV) for macula-off rhegmatogenous retinal detachment (RRD) were included prospectively in the current study. Patients were randomized into two groups: group A included patients who did a log roll postoperatively, and group B included patients who had to lie flat on their backs for 6 h postoperatively before moving into the end position. Patients in group A and patients in group B were reviewed after 3 weeks and after 6 weeks, respectively, and fundus autofluorescence images (FAF) were obtained to visualize the retinal rotation. Results: The sample included 50 eyes from 49 patients. Retinal shift occurred after RRD repair in 17 patients (34%). There was no statistically significant difference between the two groups (p = 0.94). Postoperative macular shift occurred significantly less often (p = 0.049) in participants in whom heavy fluid was used in the procedure. Metamorphopsia was reported postoperatively by 10 of 17 patients with retinal shift (p \ 0.001). Conclusion: In our study, postoperative posture did not significantly influence postoperative macular slippage after RRD repair. The use of intraoperative heavy liquid appears to be associated with a lower occurrence of retinal shift.
INTRODUCTION
Pars plana vitrectomy (PPV) has become a standard procedure for rhegmatogenous retinal detachment (RRD) with favorable outcomes [1] [2] [3] . Unfortunately, despite the successful reattachment of the retina achieved using this procedure, various studies have shown that up to 70% of patients experience macular slippage postoperatively [4] . Macular shift can lead to metamorphopsia and severe binocular diplopia [4] [5] [6] [7] [8] [9] [10] . Furthermore, younger patients are more likely than older patients to complain of distorted vision [8] . In view of this, factors and methods that reduce macular slippage following RRD repair should be investigated.
Macular slippage can be visualized using fundus autofluorescence (FAF) images as hyperfluorescent lines [5] . It is believed that those hyperfluorescent lines indicate the locations of retinal vessels preoperatively [4, 11] . Using this diagnostic tool, macular shift has also been observed preoperatively in patients with idiopathic epiretinal membrane or after macular hole surgery and epiretinal membrane peeling [12] [13] [14] .
Retinal shift following RRD repair has been reported in several studies [4] [5] [6] [7] [8] [9] [10] . Here, we report the first prospective study to compare the occurrence of retinal shift following macula-off RRD repair between two postoperative postures. The aim of this study was to compare two common postoperative posture regimes in order to prevent macular shift after RRD repair.
METHODS
The local ethics committee approved the study, which was undertaken based on departmental quality controls (Ethikkommission Ostschweiz, BASEC number 2018-00104). Research conformed to the principles of the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Patients who presented with a macula-off retinal detachment at our eye clinic from June 2017 to June 2018 were included prospectively. The study excluded patients suffering from other forms of retinal detachment such as exudative or tractional. Furthermore, patients with proliferative vitreoretinopathy, retinal redetachments, and patients who needed a primary oil fill were excluded. Two experienced vitreoretinal surgeons (CL, JG) performed the surgeries. Patients were randomly assigned to one of two cohorts using numbered containers in sequence, where the patients had to perform a log roll postoperatively (for patients assigned to group A) or to lie flat on their backs for at least 6 h before moving into the end position (for patients assigned to group B). A log roll was defined as 30 min face to temporal followed by 30 min face down. In each group, the final position was taken according to the retinal break, and the final position was maintained for about 7 days postoperatively.
Each patient received a complete ophthalmological examination prior to surgery with slit-lamp biomicroscopy through a dilated pupil, including best-corrected visual acuity (BCVA) using the Snellen visual acuity chart (noted in logMAR). An Amsler grid was used for all patients to detect the presence of postoperative metamorphopsia. Autofluorescence imaging (FAF) and spectral domain optical coherence tomography (SD-OCT) were performed postoperatively at 3 weeks in 20% sulfur hexafluoride (SF 6 ) gas and at 6 weeks in 12% perfluoropropane (C 3 F 8 ) gas. The Spectralis HRA ? OCT (from Heidelberg Engineering, Germany, with a barrier filter of 500 nm and an excitation wavelength of 488 nm) was used to record the images. Evidence of retinal displacement was based on increased autofluorescence lines parallel to retinal vessels. A compass was used to manually measure the amount of retinal shift in degrees (MS, verified by JG) (Fig. 1) .
The data collected included the gas used (C 3 F 8 or SF 6 gas), the intraoperative application of perfluorocarbon liquid (PFCL), the number of quadrants with RRD, lens status (pseudophakic, phakic), macula involvement, side located (right or left), and demographics. The primary outcome measure was whether the type of posture influenced the occurrence of postoperative macular shift. Secondary outcome measures were the use of heavy liquid, the type of gas used, the number of quadrants detached, and the age of the patient.
Surgical Technique
A standard core and peripheral 3-port PPV (23gauge; Stellaris, Bausch ? Lomb, New York, USA) was performed in all patients. Surgery was done with general anesthesia. After the vitrectomy and separation of the posterior hyaloids using the suction method, retinal reattachment was achieved directly through fluid-air exchange with subretinal fluid drainage via main peripheral breaks or through perfluorooctane liquid (Okta-line, Bausch ? Lomb) followed by fluid-air exchange. Adjuvant posterior retinotomies were not performed. Retinopexy was done using endolaser or transconjunctival cryocoagulation. 12% Perfluoropropane (C 3 F 8 ) or 20% sulfur hexafluoride (SF 6 ) gas tamponade was applied after the surgery. Rhegmatogenous retinal detachment characteristics determined the selection of intraocular tamponade. Nevertheless, in principle, an injection of SF 6 gas was employed for retinal breaks within the upper 240 retinal degrees, whereas an injection of C 3 F 8 gas was used when inferior retinal tears appeared and for patients with a low-compliance posture. For phakic eyes, PPV and phacoemulsification were conducted in a single procedure.
Postoperatively, patients were asked to perform initial posturing according to randomization before moving into the end position.
Statistical Analysis
A sample size calculation was performed before starting the trial. This calculation considered the patients needed for a 90% power to detect a significant difference in nonzero rotation between two cohorts by assuming frequencies of 10% versus 50%. The resulting required sample size was n = 23 per cohort.
All analyses were carried out with R version 3.2.3 (2015-12-10). Because the outcome ''postoperative rotation'' (measured in degrees) had a strongly skewed distribution, rotation was primarily analyzed as the binary outcome of rotation (any rotation [ 0°) or no rotation. The percentage and number of patients with rotation were recorded for all groups to be compared. Fisher's exact test was used to assess the significance of differences in retinal rotation between groups. To calculate the joint effects of PFCL use and type of posture on the presence of a postoperative shift, a multiple logistic regression model was used. Logistic regression was applied to test relations with numeric predictors (number of quadrants with RRD, age). Furthermore, the mean retinal rotation in degrees ± SD was registered for patients that had rotations [ 0°, and t tests were applied to check for a significant difference in degree of rotation between groups. Finally, both aspects (degree and presence of rotation) were jointly tested by obtaining the median and range of degree of retinal rotation within each posture group and comparing both groups using the Wilcoxon test. Pre-to postoperative changes in visual acuity and retinal shift were compared between patients with and without metamorphopsia. The median and range of visual acuity (in log-MAR) in each patient cohort were calculated and both groups were compared using the Wilcoxon test.
RESULTS
A total of 50 eyes from 49 patients (36 men, 14 women) with a macula-off RRD were used in the study. The median age of the patients was 69 years (range 43-90). Phacoemulsification was performed together with PPV in 32% (16 eyes). Table 1 summarizes the characteristics of the patients at baseline.
Twenty-six patients (52%) were randomized into the log-roll group (A) while 24 patients (48%) were randomized into the lie-flat group (B). The retinal shift on fundus autofluorescence imaging (FAF) showed retinal displacement in 17 patients (34%). The retinal shifts ranged between 1.0°and 7.5°.
Using a multiple logistic regression model, the type of posture was found to have no impact on the incidence of macular shift (p = 0.94). Furthermore, when rotation occurred, the degree of retinal shift was similar in both groups (p = 1.0). When heavy liquid was used in the procedure, a significantly smaller postoperative macular shift was recorded (p = 0.049). The number of quadrants detached and the type of gas used had no influence on postoperative outcomes. Younger patients (\ 60 years) were found to be at greater risk of retinal slippage postoperatively (p = 0.03) ( Table 2) .
There was found to be a significant relationship between postoperative metamorphopsia and retinal shift. Ten of 17 patients with postoperative retinal shift complained of distorted vision (p \ 0.001); nevertheless, metamorphopsia did not significantly influence overall visual acuity (pre-to postoperative change in logMAR visual acuity: without metamorphopsia, 0.2; with metamorphopsia, 0.3, p = 0.75).
DISCUSSION
Numerous studies have shown that retinal shift can easily be visualized with FAF [4-10, 13]. The hyperfluorescent lines parallel to retinal vessels indicate the initial locations of retinal vessels prior to surgery [15] . Following RRD repair, lines of FAF parallel to retinal vessels were observed when the retina was moved downward under the influence of gravity because of the negligible quantity of leftover subretinal fluid and the application of gas as an intraocular tamponade at the end of surgery [16] . One study described an upward retinal shift wherein silicon oil was used as an intraocular tamponade [9] . To avoid any potential bias, another FAF picture was taken 2 months postoperatively of a patient who showed a retinal shift during the first postoperative visit 3 weeks after surgery. There was no significant difference in retinal shift or the appearance of hyperfluorescent lines 2 months postop ( Fig. 1) . Nevertheless, as illustrated by the studies of Shiragami et al. and Eri Nitta et al., hyperfluorescent lines may move towards the original retinal vessels over a period of 1 year [5, 13] .
In the present study, we compared two common postoperative posture regimes. We are aware that every retinal surgeon has their own regime that may differ slightly from those of other retinal surgeons. However, regardless of the posture used, the goal is the same: to prevent retinal shift. The idea of a log roll is to shift the retained fluid out of the macula to the periphery. When asking the patient to lay flat on their back, the surgeon relies on the draining quality of the retinal pigment epithelium and hopes that the retina will naturally find its way Number and % of patients with/without rotation in each group are shown, along with the mean ± SD of the degree of rotation among patients with rotation in each group The significance of group differences (categorical predictors) and of associations with numeric predictors is shown in the table * The joint impact of posture and PFCL on the occurrence of postoperative shift according to the multiple logistic regression model ** p value from the logistic regression of rotation (yes/no) against age in years or against number of quadrants *** Linear regression of rotation angle against age in years or against number of quadrants back to its original position. The incidence of retinal shift in patients who did a log roll following surgery was higher than that in the group who had to lie flat on their backs postoperatively (46.2% vs. 20.8%); however, this difference was not found to be statistically significant when a multivariate regression model was used. Compared to other studies, we recorded a moderate to low rate of retinal shift (34%) [4] [5] [6] [7] [8] [9] [10] . No correlation between the number of quadrants with RRD and postoperative retinal shift was observed. This finding contrasts with the results of Codenotti et al. [9] . It is worth mentioning that all of the patients in this study had macula-off RRD. Surprisingly, the risk for retinal shift was significantly lower if heavy liquid was used during the procedure. This is likely due to the smaller amount of subretinal fluid left behind, which subsequently decreases the risk for macular slippage. On the other hand, younger patients were at greater risk of experiencing retinal shift [17] . This finding probably explains why younger patients complain more often about distorted vision postoperatively [8] .
This study is weakened by the short followup period, the lack of a quantitative method to assess metamorphopsia, and the relatively small number of patients. The extent to which retinal shift contributed to metamorphopsia is difficult to determine since a substantial number of patients (7/17; 41%) with retinal shift did not complain of metamorphopsia. However, all patients with retinal shift had a postoperative visual acuity of at least logMAR 0.7, which did not affect their ability to perceive metamorphopsia.
CONCLUSION
In conclusion, the current study suggests that postoperative posture does not significantly impact on the prevalence of retinal shift. Reducing the amount of subretinal fluid by using PFCL might reduce the occurrence of macular slippage postoperatively. Furthermore, younger patients are at greater risk of experiencing retinal shift postoperatively.
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